The dithioester (CH 2 ) 4 NCS 2 CH 3 (PyDTM, 1-pyrrolidinecarbodithioate methyl ester) has been prepared by reaction of the parent ammonium salt NH 4 PyDT ðPyDT ¼ ðCH 2 Þ 4 NCS 
Introduction
Our interest on platinum(II) and palladium(II) complexes with sulfur containing molecules depends on their detoxicant properties against heavy metal intoxication. Despite of the wide number of platinum complexes which have been tested for antitumor properties (about 3000 in the last 30 years [1] ), cisplatin is so far the most effective antitumor drug, along with a few carboxylato analogues [2] [3] [4] . A recent study on sulfur-bonding chemoprotective agents suggested diethyldithiocarbamate as the most effective rescue agent in a S-donor series (thiourea, thiosulfate and glutathione) against cisplatin toxicity [5] . In order to modulate cisplatin activity and toxicity, a new strategy concerns the design of new molecules containing either N or S donors [6] [7] [8] .
Among them, the dithiocarbamato complexes [M(S 2 CNEt 2 )(L)]NO 3 (M = Pd or Pt; L = 2,2 0 -bipyridyl or 1,10 leukaemie-phenanthroline) showed antitumor activity against leukaemic cells [9] . In this line, we reported various platinum and palladium complexes with dithioesters and dithiocarbamates which were tested for in vitro cytostatic activity against KB tumor cells [10] [11] [12] . Among them, platinum and palladium complexes with dithioesters containing the sarcosine moiety produced interesting results. The complexes [MCl 2 -(ESDTM)] (M = Pd or Pt; ESDTM = EtO 2 CCH 2 -(CH 3 )NCS 2 Me) were prepared as a source for the related polymeric dithiocarbamates of formula [MCl(ESDT)] n [13, 14] . The latter species reacts with amines in organic media to form the [MCl(ESDT) (amine)] complexes, which were tested for in vitro cytostatic activity against human leukaemic HL-60 and HeLa cells, the most active compounds being the pyridine (Py) derivatives of formula [MCl(ESDT)(Py)] [15] . The complex [PtCl(ESDT)(Py)] showed cytotoxic efficacy, the ability to overcome cisplatin resistance and low nephrotoxicity in respect to cisplatin [16, 17] , whereas the palladium analoge causes severe damages in the kidney [18] . The dithiocarbamates examined (essentially ESDT, Me 2 DT or Et 2 DT) do not present particular properties by themselves, apart from the general detoxicant ability, whereas pyrrolidine dithiocarbamate has been widely reported in the last three years owing to antioxidant, antiviral and antiinflammatory properties and metal transport in membranes [19] [20] [21] [22] [23] [24] . We thought then, of interest to extend the study to such a particular dithiocarbamate.
As a first study, this paper reports the palladium complexes with the dithioester PyDTM and with the dithiocarbamate PyDT 2 ] on an oil bath (140°C, 2 h) in the air [13] .
Measurements
Elemental analyses were carried out on a Fisons EA1108 CHNS-O microanalyser. IR spectra were recorded on Nicolet 5SXC FT-IR and 20F Far-IR spectrometers, as either Nujol mulls between KBr and polyethylene discs or as KBr pellets. NMR spectra were measured using a Bruker DRX 300 (ppm; internal standard, TMS 
Results and discussion
The ligand PyDTM was prepared by reaction of the salt NH 4 PyDT with methyl iodide in H 2 O/EtOH (molar ratio 1:1; Table 1 ). The complex [PdCl 2 (PyDTM) 2 ] was obtained by reaction of PdCl 2 and ligand (molar ratio ca. 1:3) in CH 2 Cl 2 /benzene. It is necessary to operate with a ligand excess, otherwise the samples of the brown product contain appreciable amounts of the orange 1:1 species. Impure samples were also isolated when the reaction was performed in dichloromethane, addition of benzene stabilizing the 1:2 complex, which is scarcely soluble in the mixed solvent medium. The complex [PdCl 2 (PyDTM)] has been prepared by reaction of PdCl 2 and PyDTM (molar ratio 1:1) in dichloromethane. The reaction trend suggests that the brown [PdCl 2 (PyDTM) 2 ] solid is formed at first, which reacts slowly with the residual palladium salt yielding the orange 1:1 product. The suspension should be kept in the dark, otherwise either [PdCl(PyDT)(PyDTM)] or [PdCl(PyDT)] n are formed as side products. Large amounts of side products were present by operating in acetone, whereas the reaction was slow in benzene, the resulting samples containing always unreacted palladium chloride.
As observed previously, the palladium dithioester adducts present a low thermal stability [12, 13] . They undergo S-demethylation yielding the corresponding dithiocarbamates [MCl(dithiocarbamato)] n and [M-(dithiocarbamato) 2 ] (dithiocarbamato = ESDT, DMDT or DEDT) as degradation intermediates [13, 25] . As shown in Fig. 1 , degradation of [PdCl 2 (PyDTM)] starts at 150°C (Table 2) , the first step (endotherm at 189°C) corresponding to quantitative evolution of methyl chloride (weight loss of 14.8% against a calculated value of 14.9%). The [PdCl(PyDT)] n intermediate is stable in the 200-280°C temperature interval, the subsequent decomposition process ending at ca. 400°C with formation of palladium (total weight loss, 67.4% against a calculated value of 68.6%). The weight increase in the 510-780°C temperature interval is caused by non-stoichiometric oxygen uptake on the sample surface to form PdO, which releases oxygen at 823°C. Such a behaviour in the 400-850°C
interval is common to all palladium complexes with either dithioesters or dithiocarbamates examined so far, whereas the platinum analogues decompose generally to platinum below 500°C, the metal showing no tendency to react with oxygen. 4 PyDT in water (molar ratio 1:2). The fact that the infrared spectra of the yellow Although we do not dispose of experimental data which could clarify the [PdCl(PyDT)] n nature, the complex consists probably of a polymeric arrangement of PdCl(PyDT) units, held by sulfur bridges. The crystal structure of the [PdCl(mercaptonicotinic acid)] n analogue showed that this compound is a trimer formed by PdCl(mercaptonicotinic acid) units in which the ion is chelated to palladium through the N and S atoms, the latter being at the same time bound to a nearby palladium atom [26] . The whole structure is then held by sulfur bridges, the chlorine atom being in terminal position. The Pd-Cl absorption in [PdCl(PyDT)] n was observed at 295 cm À1 (Table 3) , below the corresponding band in [Pd 3 Cl 3 (mercaptonicotinic acid) 3 ] (322 cm À1 ), whereas chlorine bridges between palladium atoms should absorb at lower wavelengths.
The [PdCl(PyDT)] n intermediate can interact with neutral or ionic donors which are able to break the sulfur bridges. For example, in the presence of a large excess of dimethyl sulfoxide the [PdCl(PyDT)(DMSO)] complex is obtained, whereas the reaction with alkylam- , whereas two strong bands are observed in the 900-1200 cm À1 region, which is diagnostic of the binding atom in coordinated dimethyl sulfoxide. The m(SO) absorption, at 1125 cm À1 in the complex, is at high energy with respect to free dimethyl sulfoxide (1055 cm À1 ), as expected for a S bound molecule, whereas the one at 1022 cm À1 should originate from CH 3 rock [27] [28] [29] . The fact that the Pd-Cl band (300 cm À1 ) is very close to that of [PdCl(PyDT)] n (295 cm À1 ) supports the presence of terminal chloride ligands in the latter. As expected for cis chlorine atoms, the spectrum of NBu 4 [24] . On the contrary, [PdCl(PyDT)] n does not react with those dithioesters. The pink suspension is unchanged within one week, also if a large dithioester excess is used, whereas PyDTM reacts slowly in analoguos conditions to give the mixed [PdCl(PyDT) (PyDTM)] complex. Such a behaviour seems to confirm that PyDTM is a stronger S donor than ESDTM and DMDTM toward palladium. On the contrary, the mixed species [PdCl(ESDT)(PyDTM)] and [PdCl-(DMDT)(PyDTM)] are easily prepared by reaction of the parent intermediates with PyDTM in stoichiometric ratio. In the mixed complexes, the PyDTM molecule binds to palladium through the thiocarbonyl sulfur atom. Accordingly, the infrared spectra show two bands, assignable as m(CN), the low energy one (ca. 1500 cm À1 ) belonging to monodentate dithioester. The band related to the dithiocarbamato moiety varies with the anion nature and is at 1561 cm À1 when the ion is DMDT, at 1520 cm À1 for ESDT and 1523 cm À1 for PyDT.
The first degradation process in the [PdCl(dithiocarbamato)(PyDTM)] thermograms is correlated to methyl chloride evolution to form the corresponding bis-dithiocarbamates. As shown in Fig. 3 ), due to overlap of the close absorptions of the two dithiocarbamato moieties. All complex spectra contain well resolved absorptions in the 400-300 cm À1 range, which are absent in free PyDTM (Table 3) . Vibrations of Pd-S bond are usually found in this region, but it is hard to assign the observed absorptions to coordination modes of ionic or neutral ligands.
Owing to the barrier to rotation about the CN bond (ca. 63 kJ mol À1 ), the dialkyldithioester molecule is planar and the nitrogen substituents are magnetically nonequivalent [30] [31] [32] . For this reason, the proton NMR spectrum of DMDTM in deuterated chloroform contains two distinct singlets for the methyl groups bound to nitrogen (3.55 and 3.38 ppm), along with the SCH 3 singlet at 2.64 ppm, palladium coordination causing a general downshift [29] . The PyDTM spectrum in the same solvent (Table 4) shows two signals for the methylene groups bound to nitrogen (3.88 and 3.60 ppm), originated from the different positions (syn or anti) with respect to the thiocarbonyl group in the planar molecule. The signals at 2.04 and 1.93 ppm belong to the chain (CH 2 ) 2 protons, which are affected by the nearby N(CH 2 ) 2 methylene situation. The SCH 3 singlet is at ca. 2.6 ppm in the examined solvents ( 3 supports the low stability of the complex. As shown in Fig. 4 , the spectrum, registered within a few minutes after sample dissolution, contains two series of signals, the more intense belonging to the 1:2 complex. Ligand coordination is inferred by the downfield shift of the SCH 3 singlet (2.92 ppm), the N(CH 2 ) 2 resonances (4.60 and 3.65 ppm) being far apart, the separation (ca. 1 ppm) being larger than for PyDTM (ca. 0.3 ppm). The weak signals at 2.64 ppm (SCH 3 ) and 3.94, In the final spectrum, the amount of coordinated and free PyDTM can be estimated by the well evident SCH 3 signals (at 2.92 and 2.64 ppm, respectively). The downfield N(CH 2 ) 2 signal (4.60 ppm) belongs to one of the methylene groups bound to nitrogen in the 1:2 complex, the parallel signal in free PyDTM being at 3.94 ppm. The resonance of the second methylene group in both coordinated and free PyDTM overlap in the signal at 3.65 ppm.
The pink [PdCl(PyDT)] n polymer dissolves in DMSO yielding the yellow [PdCl(PyDT)(DMSO)] complex. Owing to the anion symmetry, the proton spectrum is very simple, the two signals at 3.66 and 1.97 ppm being assigned to N(CH 2 ) 2 
